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After successful thrombolytic treatment for acute myocardial
infarction, recurrent ischemia and infarction may occur with little
warning. Coronary lesion morphology was analyzed from angio-
grams performed in 72 consecutive patients at 1 to 8 days after
streptokinase treatment for acute myocardial infarction and the
data were evaluated in relation to the subsequent clinical course.
All patients were clinically stable at the time or angiography and
continued to receive heparin infusion for a4 days after thrombol-
ysis.
The infarct-related artery was patent in 55 patients (76%) . In
the 10 days after angiography, 15 patients developed prolonged
episodes of angina at rest ; the condition of 4 stabilized with
medical treatment, but 11 required urgent medical irdervennon
(coronary angioplasty in 8 and bypass surgery in 3) . There were
no differences in age, gender, left ventricular function or extent of
coronary artery disease between those patients who developed
unstable angina and those who had a stable in-hospital course.
However, the median plaque ulceration index of the infarct-
After thrombolysis, there is a high incidence of early recur-
rent angina and reinfarction (1,2) .
This risk may be reduced
and the initial benefit of acute thrombolysis maintained by
subsequent treatment with antithrombolic drugs such as
aspirin (3). Hisiopathologic studies (4,51 in patients dying
suddenly from myocardial infarction have revealed fissured
and disrupted plaques with adjacent thrombosis . uantita-
live studies (6-8) of the angiographic appearance of the
coronary arteries have shown differences between lesions in
patients with stable angina compared with those with unsta-
ble angina and infarction
. These observations have been
confirmed by angioscopy
(9
.10).
Factors predisposing to subsequent clinical events have
not been fully defined. Three studies( 11-131 suggest that the
angiographic appearance of the infarct-related coronary le-
sion may predict rethrombosis (11), infarction IID and
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related lesion was 6.7 (95% confidence limits 6 .3, 10) in the 13
patients with an unstable course versus 3.3(2, 4 .4) in those pith a
stable course (p < 0.001) . There were on differences hetoeen the
hero patient groups in the severity of stenosis . length of diseased
segment . symmetry/eccentricity, presence of a shoulder, location
at branch point or bend, presence of globular or linear filling
defects, contrast staining or collateral supply .
These data show, that after thromholysis . the degree of irreg-
ularity of the infarct-related artery is a critical determinant of
early clinical instabilih . Of the 19 patients with a plaque ulcer-
ation index >6, 11 (58%) subsequently demonstrated clinical
instability compared with only 4 )8%) of the 53 patients with an
ulceration index <6 (p < 0 .0011. Other morphologic features
appear to have little predictive value . uantitative analysis of
coronary lesion morphology defines a high risk subset of patients
in whom intensive medical therapy or elective intervention may he
indicated .
(J Am Coll Cardiol 1991 :18:669-74)
clinical deterioration (13).
We therefore examined the rela-
tion between the angiographic appearance of coronary le-
sions in paos:nts after thrombolysis anu the subsequent
clinical course .
Methods
Patient selection
. Coronary arleriograms from 72 consec-
utive patients given streptokinase between March 1987 and
May 1988 were reviewed . All patients had fulfilled the
criteria of severe and persisting central chest pain with ST
segment elevation > 1.5 mm in two or more related eleciro-
cardiographic (ECG) leads and presentation <6 h (mean 3 .3)
from the onset of persisting pain . There were no contraindi-
cations to thrombolysis and the patients received 1
.8 mega-
units of streptokinase as an infusion over I h
. After throm-
bolysis
. all patients received heparin infusion for 4 to I I days
(median 6)
. Only I I of the 72 patients received aspirin at ]his
time because all were treated before publication of the
results of the Second International Study of Infarct Survival
I IS IS-2) (3) in August 1988
. In all patients . arteriography was
perform^_d e!ectively I to 8 days (mean 3 .3) after thrombol-
ysis in accordance with the current clinical policy of the unit .
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Analysis of coronary lesions
. Coronary arteriography was
performed by either the Judkins or the Sones technique, with
a minimum of five views of the left coronary system, a
minimum of three views of the right coronary system and a
left ventricular angiogram in the right anterior oblique pro-
jection . Lesions in the infarct-related artery were analyzed .
For each lesion, two views were selected that were the most
nearly orthogonal to the diseased segment and to one an-
other, with the least overlap of other coronary branches (14) .
The two selected views of each lesion were projected with
magnification onto white paper and traced by hand by an
observer who had no knowledge of the group to which that
patient belonged . When tracings were analyzed . absolute
sizes were calculated with reference to a tracing of the
catheter lip and shaft in the same projection .
The following speck features a-cre
recorded
for each
lesion :
L Length ofdiseased segment . This was taken from the
proximal junction of the irregular or narrowed segment with
segments of uniform caliber and smooth walls, distally until
the outline again became smooth and of regular caliber for a
distance of w5 mm . Whichever projection yielded the long-
est apparent length of lesion was considered to provide the
best estimate of the true length of the lesion
.
2 . Percent diameter stenosis . This was measured At the
narrowest point within the lesion, related to the caliber of the
normal segment immediately proximal to the lesion . Which-
ever projection yielded the highest percent stenosis was used .
3 .
Lesion regularity and symmetry . The appearance of
the lesion was arbitrarily classified by the observers as
smooth or irregular and as concentric or eccentric .
4. Abrupt proximal face. The criterion for a shoulder
was a sudden narrowing over a short axial distance so as to
produce an angle of <_ 135° with respect to the proximal wall
as measured with a hand-held protractor
.
5. Jntrahtminal filling defects
. Globular filling defects
were defined as nonopacified areas, at least three sides of
which were clearly defined in two or more views . Linzar
filling defects were similarly defined with a long axis mire
than four times the short axis .
6. Contrast staining . Persistent staining after the first
injection of contrast medium was noted .
7. Ulceration
index. This index was calculated as modi-
fied (8) from Wilson et al . (15);
it relates the maximal
intralesional diameter in a region of concavity or irregularity
to the minimal adjacent intralesional diameter . In the case of
smooth, planar or convex lesions, the ulceration index is
equal to unity and increases as the wall becomes excavated,
concave and irregular (Fig . I) .
8. Ectasia and calcification.
9
. Location of lesion . Location of the lesion at an acute
bend was defined as a change of direction of ?45° over an
axial distance of <_5 mm, seen in both projections during
diastole . Location of the lesion at a major branch point was
noted ; small branches <25% of the diameter of the parent
vessel were disregarded .
U.1 . = maximal intralesional diameter D
minimal adjacent W.1--l diamswr d
A
U .I. = 1 .0 U.I. = 1.0
Figure l. Coronary plaque ulceration index (U .I .)
. A, Definition and
measurement of the plaque ulceration index . B, Example of a lesion
with a high ulceration index, C, Example of a lesion with a low
ulceration index.
The left ventricular outline was traced in end-diastolic
and end-systolic frames, divided into five segments and
classified as normal or segmentally abnormal . Left ventric-
ular ejection fraction was calculated from planimetry by the
formula of Sandier and Dodge (16) . Distal collateratization
was graded between O and 3, according to the scale of Cohen
and Rentrop (17).
Reproducibility . The reproducibility of these measures
had previously been assessed by complete reanalysis of 20 of
the lesions by an independent observer who knew in which
coronary segments the lesion or lesions to be analyzed were
situated, but who had no knowledge of the inmvidual cinc
frames previously selected or of the previous tracings . A
satisfactory level of agreement was obtained (8) .
Statistical methods. In view of the relatively small number
of observations, distribution-free statistics were used through-
out the analysis; unless otherwise stated, values are given as
the median with the 95% confidence limits for the group
median, Comparisons between groups were made with use of
the Mann-Whitney test . Features graded as either present or
absent were compared with Fisher's exact test .
(ACC Vol. IM . No . i
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Table 1 . Characteristic., of 72 Patient, With Sub,equem Clinlcc
Stability or Instability
'Mann-Whitney test : 'Fisher's exact le,l . F
-
female
: LV
left
ventricular : LVEF = left ventricular citation fraction
: M - male.
Results
Clinical course. All patients were clinically stable at the
time of angiography . After angiography but during the same
hnenitel admission, 15 patients developed prolonged epi-
sodes of angina at rest accompanied by new
ST segment
changes on the 12-lead ECG . The condition of 4 patients
stabilized with medical treatment, but I I required urgent
intervention (angioplasty in 8 and coronary artery bypass
surgery in 3) between 2 and 10
days after thrombolysis . All
patients survived to leave the hospital . Of the 57 patients
who had a stable course after angiography . 34 underwent
intervention (angioplasty in 32 and coronary bypass surgery
in 2) during the next I8 months .
Patient characteristics (Table 1) . Those who remained
clinically stable (n = 57) and those who became clinically
unstable (n
-
15) were comparable with respect to age .
proportion airmen and women and number of smokers
. Left
'rahty 2 . Comnne
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ventriculographic results were abnormal in the majority of
patients in both groups and global ejection fraction was
similar . There was no significant difference in duration of
heparin infusion or in the proportion of patients receiving
aspirin .
Coronary anatomy (Table
21.
The extent and distribution
of coronary artery disease were similar in both groups . The
collateral grade in individual patients varied widely but was
similar in the two groups .
Coronary lesion morphology (Table 31 . Overall, there
were 55 patent lesions for which a full morphologic analysis
could he performed . The proportion of occlusions did not
differ significantly between the two groups . For patent
lesions . there were no significant differences between the
groups with respect to stenosis length
. severity of stenosis or
location of the lesion at an acute bend or branch point . .A
high proportion of stenoses in each group were irregular and
eccentric, had a shoulder and were located at a bifurcation
.
Both globular and linear filling defects were common .
Sun •egaem snn,e gaa14
Snmhn In,I .,nd~n
In
1
n- .I ov,'11
Table 3
. Morphologic Features of Coronary Lesions in 72 Patients With Subsequent Clinical
Stability or Instability
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Steno
.ris irregularity as aa
.re
.vxed by the ulceration index
was significantly higher in the subsequently unstable group
than in the subsequently stable group (Table 3) . The median
ulceration index was 6 .7 (95% confidence limits for the
median 6.3, 10) in the group with subsequent clinical
instability and 3
.3 (2
. 4 .4) in the clinically stable group
(p < 0.001)
.
Discussion
ualitative and quantitative analysis of arteriographic
coronary lesion morphology early after thrombolytic therapy
with streptokinase in acute myocardial infarction has re-
vealed that many lesions are irregular with intraluminal
filling defects and contrast staining . These appearances may
indicate a fissured atherosclerotic plaque with adherent
thrombus, and the degree of irregularity appears to correlate
with the risk of clinical instability in the next 10 days.
Previous studies . The ' •amber of vessels with stenoses
with >50% reduction in luminal diameter and the location
and degree of these stenoses have been shown to correlate
with the risk of future myocardial infarction or death (18,19) .
Recently, qualitative assessment of the shape of a coronary
lesion has also provided important data (20). Results of
detailed morphologic studies (6,7,21) in patients with unsta-
ble angina have shown a high incidence of stenosis irregu-
larity and intraluminal filling defects that may represent
plaque fissuring and thrombosis .
There have been few previous studies of arteriographic
appearances after thrombolytic treatment . The findings of
plaque ulceration and thrombus in the present study are
similar to those in a postmortem survey (22) of 19 patients
treated with thrombolysis or coronary angioplasty, or both,
for acute infarction . Globular filling defects were noted in
26% of infarct-related lesions in the present study compared
with 94% in a study (23) of 34 patients at the time of
intracoronary thrombolysis
. Our observation of marked ste-
nosis irregularity after thrombolytic therapy, with an in-
creased plaque ulceration index, is similar to findings in
unstable angina (6)
. Analysis of time-dependent changes in
stenosis morphology after thrombolysis has shown (8) that
the unstable features partially resolve over 5 to 10 days .
There are few previous data on the prognostic signifi-
cance of lesion morphology . In a retrospective study of a
cohort of patients from the Coronary Artery Surgery Study
(CASS) registry, Ellis et al . (12) found that lesion irregularity
ranked second to percent diameter stenosis as a predictor of
future infarction . In 46 patients studied by Ambrose et al .
(13), eccentricity and irregularity increased when unstable
angina worsened, In a study (11) of 24 patients after strep-
tokinase therapy, tight stenoses (minimal luminal cross-
sectional area <0 .4 mm°) were associated with rethrombo-
sis, but lesion irregularity was not assessed . In a mixed
group of 29 patients with stable or unstable coronary disease
(24), appearances suggesting a ruptured plaque were associ-
1ACC Vol. It . No. 3
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ated with progression of stenosis severity at repeat angiog-
raphy 3 to 84 mouths tat-
Lesion irregularity. Wilson et al . (15) devised the ulcer-
ation index, a numeric index of lesion irregularity . Their
index indicated greater irregularity of lesions in the infarct-
related artery than in lesions in the other coronary arteries of
patients with acute infarction. Their index also indicated
greater irregularity of lesions in patients who had unstable
rather than stable angina. The clinical significance of this
finding was not examined, but they (15) suggested that the
ulceration index might provide a I ssis for prospective iden-
tification of high risk coronary let ans .
In the present study, lesion irregularity was quantified by
a previously validated modification (8) of this index . Our
method of calculating the modified index is illustrated in
Figure 1, and the results appear to reflect irregularity of the
luminal borders and not necessarily crater-like ulceration . In
common with the original index of Wilson et al . (15) . the
modified index cannot distinguish among different causes of
irregularity, such as true ulceration or fissuring with loss of
atheroma, patchy adherent thrombus, tatters of fibrous cap
and intimal flaps . The index also depends on the angio-
graphic projections obtained and even when care is taken to
obtain two projections orthogonal to one another and to the
centerline of the lumen, there may be sampling error with
respect to the luminal walls of the lesion. In both these
regards, intravascular ultrasound imaging or fiber-optic an-
gioscopy would be superior, but these procedures are less
available and potentially more hazardous than coronary
angiography.
Despite these theoretic reservations, the plaque ulcer-
ation index was found to correlate with the risk of clinical
instability in the 10 days after the arteriogram . ualitative
visual judgment as to whether the lesion appeared irregular
did not correlate with clinical instability, perhaps because
the majority of lesions in both groups appeared irregular
(Table 3). The ulceration index is a continuous variable and
is likely to be more sensitive to differing degrees of irregu-
larity than would a simple categorization of lesions as regular
or irregular.
Surprisingly, the relation of clinical instability to the
severity of the residual stenosis was of only borderline
significance and there was no relation to the grade of
collateratization . Also surprisingly, given the relation be-
tween unstable angina and angiographic filling defects (6,7),
there was no correlation between filling defects and the
subsequent clinical course .
The basis of the association between lesion irregularity
and clinical instability is unknown, but there are two possi-
ble explanations . Lesion irregularity may I) represent exist-
ing intimal disruption, or 2) may cause increased turbulence
and shear stresses, thus leading to platelet activation, endo-
thelial damage and intimal disruption .
Our findings must be considered in the light of reports
(25-28) that coronary lesion morphology correlates poorly
with measurements of coronary blood flow and coronary
JACC Vu l . 18. No . 3
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flow reserve . Furthermore . myocardial infarction can occur
on the basis of lesions that cause only minor diameter
stenosis (29,30), suggesting that lesion instability is not a
simple function of percent diameter stenosis . We hypothe-
size that the hydraulic flow properties of a lesion at a given
moment are less important than the degree of lesion insta-
bility and the potential for reocclusion. This instability might
be reflected by morphologic features such as the ulceration
index . Consistent with this view is the association between
complex ulcerated coronary lesions and a large transcardiac
gradient of serotonin (5-hydroxy-tryptamine) indicating
platelet activation (31) . It is known (32,33) that platelet
aggregation on ulcerated plaques can lead to both thrombotic
occlusion and distal embolization . More studies of coronary
stenosis morphology in the setting of acute myocardial
infarction and thrombolysis are needed to define further the
relation between specific morphologic features, early com-
plications and long-term outcome.
Clinical implications . Several large studies (34) now sug-
gest that a policy of "watchful waiting" is correct for the
majority of patients who have been treated with thromboly-
sis for myocardial infarction. Although analysis of lesion
morphology with determination of the plaque ulceration
index identifies a subset at particularly high risk of early
recurrent angina or reinfarction, or both, it is not immedi-
ately clear what strategy should be adopted for these high
risk patients other than close clinical observation
.
The first possibility is that early intervention with angio-
plasty or coronary bypass surgery might be advantageous in
this selected subgroup . This would require a large and
complex trial to provide a definite answer and at present the
question is likely to remain open .
The second possibility is watchful waiting with continued
anticoagulation. The remodeling of infarct-related lesions
over a period of 2 to 10
days with the patient receiving
heparin infusion (8)
may support this policy. Heparin seems
to preserve coronary patency in unstable angina (35-37),
after successful thrombolysis (38) and after angioplasty (39) .
Serruys et al . (40) found a trend toward improvement in the
percent diameter stenosis and plaque area of lesions in
patients maintained on heparin therapy after thrombolysis
with recombinant tissue-type plasminogen activator : irregu-
larity and other features were not analyzed
. The ISIS-2
study (3) found that continued low
dose aspirin after throm-
bolysis substantially reduced the risk of reinfarction . These
observations are consistent with the view that continued
anticoagulation helps to restabilize the coronary plaque after
thrombolysis and may be of use in patients in whom partic-
ularly irregular lesions are demonstrated at coronary arteri-
ography
.
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